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ABSTRACT 


An  aerial  radiac  monitor  system  was  evaluated  in  manned  and 
drone  aircraft  to  determine  the  feasibility  of  automatically 
correctir.r  ganma  radiation  dose-rates  measured  at  heights  of  200 
to  l,OOC  feet  above  terrain  to  the  ground  level  (3-foot)  dose- 
rate  by  the  •'ntroduction  of  a  correction  signal  from  a  radar 
altimeter.  The  raaiac  system  consisted  of  a  scintillation 
detector,  logarithmic  amplifier,  susration  circuit,  radar 
altimeter,  and  recorder.  A  telemetry  system  relayed  height- 
corrected  information  from  drone  aircraft  to  a  ground  station 
for  recording.  The  equinsent  demonstrated  tho  feasibility  of 
performing  aerial  radiological  survey,  with  automatic  height 
correction,  in  manned  and  drone  aircraft  of  the  surveillance 
tvpaa  nov  in  tactical  use  by  the  Armed  Forces. 

Lj'ormation  on  alr-to-grour.d  correlav"  i  factors  was  also 
obtained. 
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CHAFTLS  1 
INTRODUCTION 

1.1  OBJECTIVES 

The  general  objective  of  Project  7.6  was  tc  test  and 
evaluate  experimental  aerial  rsdiac  equ  L;—  ■  r  nr.  ^c«-oal 

nuclear  environment.  Specific  objectives  of  this  project  were 
toi  (l)  teat  equipment  designed  and  fabricated  by  the  U.  3. 

Arvy  Electronic  Proving  Ground  (USAfPO^  to  determine  the 
feasibility  of  automatically  correcting  a  gamma  radiation  doae- 
rate  measured  at  any  altitude  from  200  to  1,000  feet  above  terrain, 
to  the  3-foot  (ground  level)  dose-rate  by  the  introduction  of  an 
automatic  correction  signal  from  a  radar  altimeter,  (2)  determine 
feasibility  of  using  the  AN/U5D-13  Drone  Surveillance  System  as 
the  platform  for  the  aerial  survey  equipment,  and  (3)  gather 
Information  on  air-to-ground  correlation  over  an  actual  fallout 
field. 

1.2  BACKGROUND 

The  U.S.  Continental  Army  Conmand  (HSCONARC)  approved 
HUitary  Characteristics  for  Aerial  and  Armored  Vehicles  on 
16  Dosember  1957.  These  military  characteristics  required 
that  substantially  the  samr  equipment  be  usei  in  aircraft  and 
in  land  vehicles.  A  standard  1M-106  Radiac  Meter  was  modified 
and  later  oeeignateu  the  Di-133  for  aerial  use.  This  instrument, 

» 
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FORMERLY  RESTRICTED  DATA 


Vj,;et..i‘r  vatu  -0-*  ;_fication  kit  MX-39U,  was  giv»n  the  designation 
',f  tt;/ADR-7,  Aircraft  .isd<ac  Set,  and  was  provided  in  an  effort 
to  afford  an  interun  capability  in  this  area.  Service  testing 
of  this  nquinent  tv  the  i'.S.  Army  Aviation  load'd  during  1959 
indicated  ti.it  the  equipment  was  unacceptable. 

Th3  fSIC'.'ARC  then  rooriented  the  military  characteristic* 

'c  cccarato  the  aerial,  survey  requirement  from  the  arao<**d 
veh'cle  survey  requirement,  The  current  military  chirectertstic* 
for  an  Aortal  .iadiac  S'irvey  System  were  aocmved  by  the  Office 
of  ti  e  Chief,  Research  and  Development  iOCRD)  in  August  1961. 
Additional  military  characteristics  for  an  interim  capability 
were  ap-  roved  In  December  1961.  The  U.  S.  Army  Electronic 
Provinr  Ground  ( V3AHPG 1  Initiated  a  task  in  July  1953  to 
determine  the  application  of  various  nuclear  surveillance 
sensors  to  surveillance  drums  aircraft  under  development  by 
the  ti.S.  Army  Sicmal  Corps.  This  is  now  Department  of  the 
Army  sub-tr.sk  3022-09-001-02/01,  O'one  Application  if  Radio¬ 
logical  Sensory  Devices. 

In  January  I960,  a  USA—PG-sponsored  study  report  entitled 
"Measurement  and  Analysis  of  Residual  Radioactivity  Resulting 
from  Wuclear  Explosions",  which  dealt  with  detection  of  ganri 
rays  from  fallout,  was  completed  (Reference  l).  Tfc-*v  report 
concluded  that  ground  contamination  could  be  measured  by  de¬ 
vices  mounted  In  drones  and  recommended  fabrication  of  an 
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instrument  to  test  tie  concept. 

As  a  result  of  t'x  at.uve  reconnendati  cr.,  ar.  airborne  r.diac 
-oni*\  r  -s  fa.  ricite.i  fo.-  ’  oA-iPO  under  contract  ar.d  delivered 
in  August  lvtjC.  Feasibility  tests  were  Initiated  in  accordance 
w:th  Flan  of  T?st,  "Feasibility  Test  of  Airborne  tad^c  .'■Monitor", 
'uS.ilf'j  511  930-171,  subsequently  published  i"  November  I960 
(Reference  2).  Deficiencies  in  the  equipment  precluded  completion 
of  the  tests  as  schejuied.  During  the  period  August  to  Novenoer  tO , 
laboratory  engineering  tests  and  extensive  studies  of  the  concepts 
from  which  the  system  evolved  wore  cor.ducted^and  an  analysis  of 
the  svstom  accuracy  was  completed.  Based  on  these  studies  and 
tests,  new  models  were  designed  and  fabricated  in  'JJA1FG  laboratories. 

These  models  were  completed  in  D”cember  1^61  and  flight-tested 
over  tie  relham  Range  radiological  facility,  Fort  McClellan,  Alabama, 
in  January  1962.  Although  the  limitations  of  the  field  as  to  si7.e 
and  composition  did  not  ponnit  definitive  conclusions  as  to  the  air- 
to-ground  correlation,  the  equipment  provided  predictable  dose-rate 
contours.  A  detailed  report  of  this  test  is  being  prepared 
(.Reference  3). 

In  March  1962,  the  equipment  uas  used  to  support  the  U.S. 

Army  Nuclear  Defense  laboratory  In  making  radiation  measurements 
in  support  of  tho  Danny  3oy  Event.  Again,  though  this  was  a 
limited  radiation  field,  the  equipment  demonstrated  the  cat  ability 
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ci  nr  id  j-rvcy  voi-'  largo  areas. 

~v  I_iy  1  •'•?*  the  equi»  ner.t  hid  been  reduced  in  sioe  and 
siu'i'ir'er.tl-  .-ur.'e  diced  an  shock  mounted  to  permit  evaluation 
in  tr.c  Ai./VSi-l?  In.  r.e  Surveillance  System. 

1.3  THBORT 

The  equation  aescrdbinq  radiation  intensity  above  a  large 
olane  radiation  source  is  generally  accepted  as: 

I.  •  KIA  x  exp  (^h)  (1.1) 

•there:  I,.  *  radiaticr  level  at  ground,  or  3~f°ot 
level  t Sad/Hour) 

K  ■  buildu:  factor  due  to  scatter 

IA  •  radiation  level  at  tne  detector  (Sad/Hour) 

u  -  eama  ray  afcsorctirn  coefficient  in  air 
(1/feet) 

h  ■  height  cf  detector  above  terrain  (feet) 

200' s  h  "S 1000' 

K  x  exp  (>ih)  comprises  the  correction,  factor,  i.e.,  './.tat 
the  air  dose-rate  rust  be  nultirlied  by  to  equal  the  ground 
dose-rate.  K  and  ^  are  essentially  constant  over  the  altitude 
range  in  vrtv.ch  the  equirment  is  designed  to  oeerate  and  are 
treated  as  constants,  leaving  h  the  only  variable  in  the 
correction  factor. 

9y  talcing  the  logarithm  of  both  sides  of  the  equatlonjWo 
now  have: 
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lnl,  *  lnl,  ♦  InK  ♦  >ih 

vj  A 

Then  set  h '  equal  to  tht  correction  factor: 

h'  ■  InK  ♦  jih  (1.3) 

and  aubatitutine  pives: 

In 3^.  -  lnIA  ♦  h'  (l.l*) 

with  h'  the  correction  factor. 
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CHAPTER  2 


PROCEDURE 

2.1  OPERATIONS 

M»r  References:  frenchman  Lake  Sheet  285717,  1:50,000 
Lae  Vegas  Sheet  MJ  11-12,  1:250,000 

An  operations  center  and  drone  launch,  control,  and  recovery 
point  was  established  in  the  vicinity  of  grid  coordinates  931783, 
approximately  3*5  miles  northwest  of  ground  zero.  Helicopters 
were  based  at  Indian  Springs  Air  force  Base  and  ’-’ere  operated 
from  a  heliport  located  at  CP-1.  Helicopter  flights  were  made 
at  H*l£,  H»5i  and  R»22  hours.  Drone  flights  were  made  at  H*10, 
H*U,  and  H«15  hours.  Telemetered  and  recorded  data  from  manned 
and  drone  aircraft  wero  evaluated  and  plotted  at  the  operations 
center  during  and  after  each  flight.  The  requirement  for  con¬ 
trolled  air  space  limited  the  drone  flights  to  an  area  northeast 
of  ground  zero.  The  data  collected  from  the  drone  system  was 
compared  to  that  from  manned  aircraft. 

2.2  irSTRtrSTATICN 

The  Military  Characteristics  for  an  Aerial  ladiac  instru¬ 
ment  System  (Reference  Appendix  )  were  used  as  a  general  guide 
in  the  design  and  development  of  equipment,  but  no  attemot  was 
made  to  meet  every  provision.  The  sane  basic  system  was  used 
in  both  manned  and  drene  aircraft,  with  the  exception  that  cn- 
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board  recording  was  accomplished  during  manned  night. 

The  basic  equation  which  was  instrumented  is  given  by 
Equation  l.lt,  which  is  repeated  here  for  convenience: 

In  IQ  ■  In  IA  ♦  h' 

Where:  I-  *  radiation  intensity  at  3-foot  level 
J  (Sad/^our) 

1^  •  radiation  Intensity  at  sensor  (Rad/Hour) 
h'  *  correction  factor 

The  block  diagram  in  Figure  2.1  shows  the  representative 
voltage  signal  from  each  major  functional  component.  Figure 
2.2  is  a  detailed  schematic  of  the  drone  sensor;  Figure  2.3 
is  a  photograph  of  the  AN/USFJ-1B  I>rone;  and  Figure  2.h  is  a 
photograph  of  the  drone  sensor.  Figure  2.5  is  a  detailed 
schematic  of  ths  manned  aircraft  • ensor;  Figure  2.6  is  a  photo- 
grach  of  the  manned  aircraft  sensor. 

2.2.1  Selector- Amplifier.  The  detector-amplifier  consisted 
of  a  plastic  fluor  scintillator,  a  photomult  ini  ior  tube,  and 
associated  electronic  circuitry  designed  to  produce  an  output 
signal  proportional  to  the  logarithm  of  the  gamma  radiation 
incident  on  the  fluor  scintillator.  The  use  v.f  tnis  logarithmic 
circuit  facilitated  the  display  of  the  data  ever  a  wide  range  of 
Intensities  and  provided  for  ease  of  instrumentation.  A  lj-inch 
diameter  by  i-inch  long  plastic  fluor  was  used. 
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2.2.2  7-adnr  Altimeter.  .  idar  altimeters  wero  used  to 
determine  the  height  of  the  aircraft  above  the  ground  and  pro¬ 
vide  a  voltage  prorcrtional  to  that  hcignt.  An  Emerson  -'-odel 
ERP-11 2  0  was  used  in  manned  aircraft,  and  a  "inneaool  is  -Honeywell 
Model  7091  was  used  in  the  drones.  Both  units  consisted  basically 
of  a  receiver,  transmitter,  indicator,  power  supply,  electronic 
control  unit,  and  receiving  and  transmitting  antennas. 

2.2.3  Summation  Circuit.  The  Durpose  of  this  circuit  was 
to  add  the  logarithmic  amolifler  and  radar  altimeter  signals 

to  obtain  hsight-correlatsd  information.  This  circuit  consisted 
basically  of  two  CK533AX  electron  tubes  and  circuitry  for  cali¬ 
brating  the  two  input  signals,  which  applied  to  the  grids. 

The  plates  and  cathodes  were  naralleled. 

This  circuit  and  the  Detector-Amplifier  were  designed  end 
fabricated  by  personnel  at  USA2TO. 

2.2.ii'  Telemetry  System.  The  telemetry  system  consisted 
of  an  airborne  unit  and  a  ground  station.  The  airborne  unit 
consisted  of  a  TeleDynanics,  Type  10CLB  transmitter,  tvo  each 
Bendlx  Tyne  TOE- 30  sub-carrier  oscillators,  and  an  antenna.  The 
ground  station  consisted  of  a  Nems-Clarke  Type  1671  receiver 
and  two  each  Zlectro  Mechanical  Research,  Incorporated,  Type 
189F  sub-carrier  discriminators. 
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carrier  oscillators 


A.  signal  V'.ltago  vw  x  plio  tc  tue  cuh-i 
and  transmitted  to  toe  ground  station.  The  receiver  in  the 
ground  station  detected  ti.e  transmitted  signal,  and  the  dis¬ 
criminator  returned  ;t  tc  t^e  or: final  voltago  level  form  for 
recording. 

2.2.^  Recorder.  The  recording  units  used  for  this  eval¬ 
uation  were  a  Consolidated  Clectro- dynamics  Corporation  Model 
5-12h  and  a  Midwest  Instruments  Corooration  Model  603.  These 
were  fast-resoonse  oscillograDhic-type  recorders  with  ultra¬ 
violet  light  reflected  'rom  a  galvanometer  onto  photograDhic 
paper  sensitive  to  this  light  region.  No  developing  or  fixing 
was  required.  A  li-decade  logarithmic  scale  was  traced  on  the 
paper  simultaneously  with  the  simal  traco.  The  use  of  this 
logarithmic  scale  made  direct  reading  of  the  ground  radiation 
intensity  possible. 

2.2.6  AN/II5>.1B  Crone  Surveillance  System  (SIVl).  The 
JUJ/UT’J-IB  Cror.e  Surveillance  System  (SI>-1)  la  controlled  by 
visual  or  radar  means.  It  has  a  138-inch  wing  span,  l6l-lnch 
length,  and  a  SDeetl  of  160  toots  with  a  30  rairute  flight  time. 
The  drone  is  designed  for  zero  length  launching  with  Jet-assisted 
taJcecff  (JATO)  and  is  landed  by  means  of  a  parachute  either  uoon 
command  from  the  Controller  or  automatically  upon  failure  of  the 
engine  or  interruption  of  the  radio  control  carrier.  The  cam- 
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purtnent  size  is  1.16  cibic  feet  and  payload  is  62  rounds. 

Tne  Control  Radar  used  was  an  Ait/liPQ-29,  •-dth  an 
a:./CP:-62  Beacon  Transponder  nounted  in  the  drone. 

This  is  a  tactical  unit  currently  in  use  by  the 
1 .  C.  Airy . 

An  SD-1  Drone  is  snown  in  r’if pure  2.3, 
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Figure  2.1  System  block  diagram . 
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I  igure  2.2  Drone  unit  schematic. 


Figure  2.3  AN/USD- IB  surveillance  drone.  (DASA  698-07-NTS-62) 


EXPLODED  VIEW  i,  .  A"tMUI.F.D  VIEW 
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Figure  2.6  Mpnned  aircrai-  sensor.  (Li\SA  69B-09-NTS-62) 


CHAFER  3 
RESULTS 

Helicopter  flights  were  made  over  the  fallout  area  at 
Hn.5  hrs,  H*5.5  hrs,  and  H»22  hrs.  Drone  flights  were 
made  at  H*ll,  H»12,  and  H+lL  hrs.  All  flights  were  made 
in  a  sinusoidal  pattern  normal  to  the  direction  of  fall¬ 
out  dispersion. 

Reduction  of  data  from  helicopter  flight  No.  1 
(H*1.5  hrs)  resulted  in  the  corrected- to-ground  lsodose 
radiation  contour  shown  in  figure  3»1«  Tabulated  data, 
unnomaliaed,  for  this  figure  is  shown  in  Table  3.1. 
Normalization  of  this  data  to  H*1  hr  using  standard  decay 
(t"**2)  gives  Figure  3.2  and  is  tabulated  In  Table  3.2. 

Data  from  helicopter  flight  No.  2  (H*5.5  hrs) 
(see  Table  3.3)  produced  the  tmnormalized  contour  in  Figure 
J.3.  Figure  3»U  is  an  expanded  plot  of  a  portion  of  the 
ddta  from  helicopter  flight  No.  1  and  is  included  for  com¬ 
parison  to  the  contour  from  flight  No.  2.  Flights  were 
made  over  the  M  line  (  Figure  3.ii)  at  various  altitudes 
to  collect  air-to-ground  correlation  data.  This  data 
appears  in  Table  lt.1. 
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No  contour  was  plotted  following  helicopter 
flight  No.  3  (H*?2  hrs)^  as  the  radiation  intensity  over 
most  cf  ohe  fallout  field  was  of  lower  intensity  than 
the  eouinnent  had  been  calibrated  to  detect.  The  area 
around  ground  zero,  although  still  radioactive,  was  too 
limited  in  3tze  for  valid  aerial  survey.  This  is  dis¬ 
cussed  in  Sections  4.3.2  and  4.3.3. 

Drone  flivnt  No.  1  (H*ll  hrs)  failed  after 
eight  minutes  due  to  a  faulty  control  receiver  in  the 
aircraft.  A  United  amount  of  iata  was  obtained  from 
tills  flight. 

Drone  flight  No. 2  (H+12  hrs)  was  terminated 
after  twenty-six  minutes.  Seduction  of  data  from  this 
flight  (Table  J.L)  resulted  in  the  unnormalized  contour 
as  shown  in  Figure  3.5.  This  flight  indicated  feasibility 
of  aerial  radiac  monitoring  from  unmanned  aircraft. 

Drone  flight  No.  3  (H*lli  hrs)  was  terminated 
after  ten  minutes.  No  data  was  taken  due  to  low  radiation 
intensities  in  the  flight  area. 
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; . 3 r;:r:  no.  i, 

i..  j  C" 


Tr.ter.s :  •./ 

- ' c.  c  c  o  : r,  n 

'rk  •  c  :nt  1 

'■arks 

'  r; 

v*  '’‘-cr) 

1 

11C 

3 

£01 

le-:  Ler.irtn 

3160  -eters 

:o 

30 

101C 

>eck  loin*-  1: 

1 

ICO 

iy>0 

Check  Po'r.t  2: 

16 

■*  -  r 

300 

1'7C 

100 

21 2C 

Direction  of 

JO 

22LC 

South 

10 

2560 

3 

2780 

Time  Start 

HOI. 

1 

301i0 

Tine  finish 

1’'18 

1 

■vurctfli  * 

~*a: 

■j 

3 

1630 

Ler  Lcneth 

5620  -eters 

10 

I860 

30 

211.0 

Check  Point  1: 

76 

100 

2190 

Check  Ps-jit  2: 

1 

300 

2i.80 

3C0 

27CC 

Direction  of 

100 

2980 

Plirht 

North 

30 

3260 

10 

313C 

Tine  otart 

1236 

3 

3600 

Time  Finish 

1212 

1 

3770 

1 

1325 

L** 

n 

3 

UTO 

ler  ler-th 

10 

1710 

30 

2000 

Check  Point  1 : 

1 

100 

221.0 

Check  hoint  2: 

76 

100 

3120 

30 

3560 

Direction  of 

10 

3610 

Plleht 

South 

3 

J8m 

1 

L050 

Time  Start 

1212 

Tine  finish 

1218 
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TABLE  3.1  (CONTINUED) 


Intensity 

Distance  frc* 
Check  Point  1 

Baurks 

(Heters) 

1 

258 

Leg 

M 

3 

U29 

Leg  Length 

5500  meters 

10 

665 

30 

880 

Check  Point  1: 

85 

100 

1290 

Check  Point  2t 

11) 

100 

2550 

30 

3350 

Direction  of 

10 

3570 

Flight 

North 

3 

381)0 

1 

1)060 

Time  Start 

121)8 

Time  Finish 

1251) 

i 

0 

Leg 

K 

3 

Ui)0 

Leg  Length 

5500 

10 

1020 

30 

1590 

Check  Po-'nt  1: 

51 

100 

2590 

Check  Point  2: 

15 

100 

2960 

30 

381)0 

Direction  of 

10 

1)120 

Plight 

South 

3 

U)50 

1 

5130 

Time  Start 

1251) 

Time  Finish 

13d 

1 

T5B3 

Leg 

"I 

1.520 

Leg  length 

7930  meters 

10 

1)81)0 

30 

6100 

Check  Point  1: 

2 

30 

6ii20 

Check  Point  2: 

28 

10 

751)0 

8000 

Direction  of 

Flight 

North 

Time  Start 

1301 

Time  Finish 

1309 

I 
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TABLE  3.1  (CONTINUED) 


Intensity 

Distance  from 
Check  icint  X 

r,j.  »rV*i 

(.‘Liters ) 

10 

163 

Lop 

G 

10 

06 

Leg  Length 

L300  meters 

3 

2880 

1 

3310 

Check  Pc!nt  1: 

3C 

Check  Ptvnt  2: 

16 

nf 

Flight 

Couth 

Tine  Start 

1309 

Tine  Finlsn 

1312 

A 

Wio 

Leg 

Z 

3 

8350 

Leg  Length 

lL20f'  meters 

3 

8?65 

Check  Po'nt  1: 

3 

Check  Ptknt  7 : 

5 

jirection  of 

llorth 

T'ne  Start 

1312 

Tine  Finish 

1370 

I 

3u00 

1-ep 

z 

* 

L950 

Leg  Length 

11600  meters 

i 

5962 

l 

8970 

Chock  Foint  1: 

105 

Check  ro’.nt  2> 

61) 

Time  Start 

1323 

Tt.jre  ?  inijii 

1328 
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TiiBL2  3.2  130-tUD  (XNTOtJR  PLOT  DATA  HELICOPTER  PXD3TT  NO.  1. 

11*  July  1962.  NEBULIZED 


In tens ity 


Distance  free  Raearka 
Check  Point  1 


3 

0.855 

385 

V 

10 

2.85 

591 

Leg  Length 

3160  eaten 

30 

8.55 

81*0 

100 

28.5 

1062 

Check  Point  It 

1 

300 

85.5 

1255 

Check  Point  2i 

1*6 

300 

85.5 

2125 

100 

28.5 

2320 

Direction  of 

30 

8.55 

2585 

Plight 

Sooth 

10 

2.85 

2835 

3 

0.855 

3060 

? lee  Start 

lltdi 

Tine  finish 

11*18 

1 

o  .765 

11*10 

Le« 

~s 

3 

2.295 

1590 

Leg  Length 

5620  eaten 

10 

7.65 

1780 

30 

22.95 

1950 

Check  Point  li 

76 

100 

76.5 

2170 

Check  Point  2» 

1 

300 

229.5 

21*1*0 

300 

229.5 

2810 

Direction  of 

100 

76.5 

3020 

Plight 

Worth 

30 

22.95 

3320 

10 

7.65 

3500 

Tie#  Start 

1236 

3 

2.295 

3660 

Tlee  finish 

1?l|2 

1 

0.765 

3960 

1 

0.765 

1360 

q 

3 

2.295 

1500 

Leg  Length 

1*880  Bate  re 

10 

7.65 

1720 

30 

22.95 

1920 

Check  Point  li 

1 

100 

76.5 

2170 

Check  Point  2i 

(6 

100 

76.5 

3200 

30 

22.95 

3500 

Direction  of 

10 

7.65 

3680 

Plight 

South 

3 

2.295 

3900 

1 

0.765 

1*060 

Tlae  Start 

121*2 

Tlee  finish 

121*8 

SO 

CONFIDENTIAL 


TABLE  3.2  (CONTINUED* 


In  t<?n  3  i  * 

-y 

Distance  from 
Check  Pcir.t  1 

Remarks 

(had/Hr) 

(.lad/ Hr ) 

(Meters  l 

I>1 

Actual 

1 

0.7C  5 

197 

Leg 

M 

3 

2.11 

361* 

Lee  Length 

5500  meters 

10 

7.05 

577 

30 

21.1 

803 

Check  Point  1: 

85 

100 

70.5 

llLo 

Check  Po^rt  2: 

11* 

100 

70.5 

2760 

30 

21.1 

3320 

Direction  of 

10 

7.05 

3660 

Flight 

North 

T 

2.11 

3920 

1 

0.705 

1*150 

Time  Start 

121*8 

Tine  Finish 

1251* 

3 

1.91* 

193 

Leg 

1C 

10 

6.11* 

1080 

Leg  Length 

55CO  meters 

30 

18.4 

1360 

100 

61.1 

1950 

Tnock  Point  1: 

51 

100 

61.3 

’130 

Check  Point  2: 

15 

30 

19.1* 

3900 

10 

6.11 

L2L0 

Direction  of 

3 

1.31* 

1*510 

FIVht 

South 

Tine  Start 

1251* 

Tine  Finish 

1301 

1 

0  .613 

3830 

Leg 

I 

3 

1.81* 

1*170 

Leg  Length 

7730  meters 

1C 

6.114 

1560 

30 

19.14 

9160 

Checkpoint  1: 

2 

30 

18.1 

6680 

Checkpoint  2: 

78 

10 

6.11a 

7600 

Direction  of 


flight  Worth 


Tine  -ctart  1301 

Tine  Finish  1309 
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TABLt  3.2  (CONTINUED) 


Intensity 

Distance  from 

Check  Point  1 

.lenaro 

1  Had/ nr ) 

(.’id/nrj 

>lieters ) 

K*1 

Actual 

10 

5.1*2 

11*55 

Leg 

G 

10 

5.1*2 

251*0 

Leg  Length 

a 300  meters 

3 

1.63 

30  90 

1 

0.51*2 

3380 

Checkpoint  1* 

*»'/ 

Checkpoint  2i 

16 

Direction  of 
Flight 

South 

Time  Stwt 

1309 

Time  Flnlih 

1312 

I 

0.51*2 

C72S 

Leg 

Z 

3 

1.63 

6520 

Leg  Length 

12*200 

10 

5.12 

9195 

10 

5.1*2 

9525 

Checkpoint  1: 

3 

3 

1.63 

10660 

Checkpoint  2i 

5 

1 

0.51*2 

11590 

Direction  of 
Plight 

North 

Time  Start 

1312 

Time  Finish 

1320 

1 

o.i*36 

1800 

Leg 

E 

3 

1.1*6 

3580 

Leg  Length 

11600 

3 

1.305 

solo 

1 

0.1*35 

9070 

Checkpoint  1« 

105 

Checkpoint  2 1 

61* 

Direction  ef 

night 

South 

Time  Start 

1323 

Time  Finish 

1328 
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TAR  Li  3.3  JSC-RAD  OCNTO'JH  >LOC  SATA  “HCOFTSR  FLU  FT  NO.  2, 
1L  July  196i  NOT  tlCRfXICID 


Intensity 

Distance  from 
Checkpoint  ^1 

Remarks 

Tatars) 

Actual 

1 

3660 

Lag  was  fron 

02 

3 

3810 

Tower  to 

10 

3990 

Leg  Distance 

1*280 

30 

1U.X 

Checkpoint  1: 

?ower 

IX 

loco 

Oheckro'r.t  ?• 

—  n 

Jim 

Direction  of 

Flight 

Southeast 

Tine  Start 

1810 

300 

165 

Leg  02  to  'Jell 

5 

IX 

282 

Leg  Length 

1030  meters 

30 

399 

10 

516 

Checknolnt  li 

02 

3 

681 

Checkrolnt  2: 

'•<•11  5 

1 

613 

Direction 

of  Flight 

Jest 

Tin*  Start 

lBi*l* 

3 

1850 

’*g 

r 

10 

1970 

Leg  Length 

38T0  meters 

30 

2190 

IX 

2350 

Checkpoint  li 

2 

300 

2520 

Checkpoint  2t 

57 

3X 

2750 

IX 

2930 

Direction  cf 

30 

31X 

Fit  chi 

South 

10 

3310 

3 

3500 

T  ime  3  oart 

110 

Time  Finish 

1712 
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TABLE  2.3  CONTINUED 


Intensity 

Distance  frort 
Ctaekpolnt  #1 

Remarks 

■  I  III  — 

(Maters ) 

Actual 

10 

98.3 

W 

30 

196 

lag  Length 

1770  neters 

100 

305 

100 

620 

Checkpoint  1: 

31 

30 

7Ut 

Checkpoint  2: 

2 

1C 

850 

3 

975 

Direction  of 

1 

1120 

Flight 

North 

Time  Start 

1712 

Dine  Finish 

1715 

1 

853 

Ug 

u 

3 

1030 

leg  Length 

3160 

10 

1200 

Checkpoint  1. 

1 

30 

1360 

Checkpoint  Z- 

L6 

30 

1870 

10 

1930 

Direction 

3 

2310 

of  Flight 

South 

1 

2:00 

Tine  Start 

1717 

Tine  Finish 

1718 

1 

1810 

*** 

Q 

3 

2030 

Leg  Length 

U380  neters 

10 

2Ui0 

10 

2980 

Checkpoint  li 

1 

3 

31.60 

Checkpoint  2: 

76 

1 

3660 

Direction 
of  Flight 

South 

Tine  Start 

1720 

Tine  Finish 

1722 
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TABLE  3.3  (CONTINUED) 


Intensity 

Distance  fron 
Checkpoint  K, 1 

Remark* 

(bad/K'r) 

Actual 

1 

650 

Ug 

M 

3 

990 

Leg  Length 

5500 

10 

2050 

3 

28UO 

Checkpoint  1: 

85 

1 

3350 

Checkpoint  2: 

lu 

Direction 
of  Flight 

North 

Tin*  Start 

1723 

Tin*  Finish 

1725 

1 

7L3 

Ug 

1 

3 

1250 

Lag  Length 

5500  meters 

3 

1950 

x 

2580 

Checkpoint  li 

51 

Checkpoint  2j 

3 

Direction  of 
Flight 

South 

Time  Start 

1728 

Tin#  Finish 

1730 
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TA3LZ  3.1*  ISO-HAG  CCJ.TC  >H  rLOT  DATA  DRONE  FLIGHT  NO.  2, 
1L  July  1^65  NOT  I.'C:i»DaiZED 


Tina  1  Rad/Moui  Grid  Coordinates  Remarks 

Encounte^d  on 
Radar  ‘T.ot 

(Kin  after  itadar 
Track  Started) 


3.1*2 

007767 

Time  Flight  Started  221*0 

3.88 

060780 

i*.03 

026751 

1*.05 

027752 

Time  P  lg.it  Completed  2306 

i*.53 

03C770 

5.35 

037770 

5.73 

01*3755 

Hap  Reference; 

6.60 

053762 

Army  M*p  Service 

6.87 

052773 

Frenchman  Lake 

7.1*0 

065765 

2857  IV 

9.18 

077768 

9.1*? 

060766 

11.1 

026751 

12.0 

007766 

11*. 2 

985752 

11*. 6 

99871*0 

15.3 

971*733 

15.9 

95671*2 

17.3 

989755 

18.1* 

020770 

19.6 

996765 

20.2 

.*0071*3 

96571*0 

20.1* 

20.8 

96971*1* 

22.7 

96671*3 

22.9 

967731 

23.8 

96171*3 
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CHAPTER  U 


cisc' ’S3  :c;; 

ii.l  AERIAL  RAD’EU  iJCAl  iTRVLY 

The  orimary  rur-vose  of  aerial  survey  of  ridiologically  con¬ 
taminated  areas  is  to  crovide  a  commander  a  basis  for  planning 
:n  the  shortest  oossib1.*  time.  A  choice  between  alternate  routes 
of  marcn,  for  er.amrle,  could  properlv  be  determined  from  aerial 
survey  information.  Aerial  survey  is  primarily  concerned  with 
relatively  high  ground  dose-ratca,  1  tc  1,000  Rad/Hour,  as  coranarders 
operating  in  c  nuclear  warfare  environment  will  necessarily  be  more 
concerned  with  casualty- producing  radiation  doses  rather  than  long 
term  considerations  >*Uch  govern  peacetime  operations. 

Exact  dose-rates  at  specific  locations  can  best  be  determined 
by  vehicular  or  dismounted  survey. 

1.2  FALLOT!  FIELD  KTS.'SHT 

In  pretest  planning  for  this  detonation,  it  was  predicted 
that  the  fallout  field  would  be  formed  to  the  east  of  ground 
zero  with  the  1-Rad/Hour  line  extending  30  to  50  miles  downwind 
and  that  this  field  would  decay  by  the  standard  rate  (t”**^). 

Based  on  these  predictions,  the  instruments  were  calibrated  and 
flight  schedules  were  arranged  to  allow  survey  of  the  field  prior 
to  excessive  loss  of  intensity  due  to  decay. 
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Initial  manned  aircraft  flirhts  indicated  that  the  actual 
1  Rad/Hcur  line  extended  approximately  \  the  predicted  distance. 

Data  from  later  manned  flights  inoicated  that  the  fallout  did 
not  decay  at  the  standard  rate  but  seemed  to  decay  at  a  faster 
rate.  Decay  curves  were  plotted  from  data  taken  on  Flights  1, 

2,  and  3<  These  decay  curves  are  shown  in  Figure  4.1.  In  an 
attempt  to  verify  these  curves,  ground  sensor  data  supolled  by 
Heynolds  Electric  and  ingineenne  Comrany  (REZCC)  and  ground 
survey  data  cuDplied  by  Nuclear  Defense  Laboratories  (NDL)  was 
plotted.  The  resultant  curves  did  not  show  a  single  decay  rate 
but  varied  widely,  depending  on  location  of  reading,  time  of 
reading,  and  recording  instrument.  It  was  impossible  to  establish 
a  definite  decay  rate  from  the  data  available,  so  normalization  of 
all  contours  was  not  attempted.  The  normalization  discussed  m  Section 
3.1.1  was  done  for  comparison  onlyj  and  the  resultant  contour  may 
be  in  errcr  due  to  the  uncertainty  in  decay  constant. 

L.3  Ka’WID  AHCIAFT  MIGHTS 

L.3.1  Flight  Number  1.  The  objective  of  flight  number  1 
was  to  determine  the  extent  of  the  1  ftad/Hour  line  by  flying  in 
a  sinusoidal  pattern  normal  to  the  direction  of  tne  movement  of 
the  fallout.  The  course  legs  flown  are  shown  on  the  isodoss 
contour  plots.  These  plots  were  made  by  conrectinr  points  of 
equal  radiation  intensity  on  the  course  legs.  Course  lees  near 
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ground  zero  were  not  flown  on  this  mission  because  of  obliteration 
of  marker  panels  on  the  Vf-lir.e  and  excessively  high  radiation 
intensities  along  the  T-line,  which  passed  directly  through  ground 
zero.  The  contour  could  hare  been  filled  out  with  data  collected 
on  flight  number  2,  but  -his  was  not  accomplished  due  to  uncertainty 
about  the  decay. 

The  iso-rad  contour  plot  for  this  ilight  (Figure  3.1)  shows 
some  irregularities  in  the  pattern,  particularly  on  the  K-llne. 

The  displacement  of  the  pattern  on  this  leg  may  be  due  to  pilot 
errors  rather  than  an  actual  displacement  cf  the  fallout  field. 

These  pilot  errors  are  caused  by  improper  marking  of  check  points, 
variations  in  aircraft  speed,  and  lateral  displacement  of  the  air¬ 
craft  along  the  course  leg.  It  has  been  observed  that  pilot  error 
is  the  major  source  of  error  in  the  manned  aircraft  method  of  air¬ 
borne  radiological  survey. 

u. 3.2  Fllrht  N-aifcer  2.  The  objective  of  flight  number  2 
(He 5^  hrs)  was  to  determine  the  extent  of  the  radiation  pattern 
out  to  the  K-line  and  to  make  repeated  flights  at  different 
altitudes  over  the  M-llne  to  determine  the  validity  of  the  air- 
to-ground  correlation  factors  used  in  this  test.  Figure  3.3, 
an  unnormalized  plot  c?  the  data  from  this  flight,  substantiates 
the  general  fallout  pattern  obtained  from  flight  No.  1  but  shows 
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lower  icse  rates  t.-.ai.  .:iJ  teen  antiri-ated.  The  close-in 
portion  cf  the  rli~ht  No.  1  contour  was  clotted  to  the  sane 
scale  as  Fir-re  1.1  For  con-ariso:.  -urr-oses  (Figure  3.w). 

This  corrariscn  showed  the  fallout  field  had  contracted  nore 
than  calculated,  amarently  due  to  an  accelerated  decay  rate, 
see  Section  4.2. 

The  radiation  dose-rate  in  the  vicinity  of  ground  zero  was 
low  enough  at  the  tine  of  this  flight  to  remit  a  survey  of  this 
area.  Aerial  readings  in  the  immediate  vicinity  of  ground  zero 
cannot  be  accurately  related  to  ground  readings  because  the  air- 
to-ground  correlation  factors  (AOCF'S)  are  based  on  an  infinite 
plane  field,  while  ground  zero  represents  an  intense  mint  source. 

Repotted  passes  along  the  h-line  demonstrated  that  automatic 
correlation  of  air  dose-rates  to  ground  dose-rates  can  be  accom¬ 
plished  within  the  altitude  range  100  to  650  feet-  Table  lt.1 
shows  the  data  collected  on  these  passes.  The  corrected-to-ground 
dose  rat#  reading  varies  only  over  the  range  9.2 5  to  10.15  Rad/Hour 
between  100  and  650  feet.  Over  this  considerable  altitude  spread, 
the  deviation  from  the  mean  value  is  aFDroximately  5^.  This  indicates 
that  the  air- to- ground  correction  formula#  and  techniques  used  wore 
applicable  over  the  ranges  of  height  and  dose  rate  encountered 
during  the  tests.  See  Section  4.5  fer  a  further  diacuaalon  of  air-to- 
ground  correlation. 
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L.3.J  Flirht  ..umber  3.  Fanned  aircraft  flight  number  3 
was  made  at  h+22  heirs  to  determine  the  close-in  contour  pattern. 
The  fallout  had  decayed  to  tr.e  extent  that  appreciable  intensities 
could  be  detected  only  in  the  immediate  vicinity  of  ground  zero. 
Repeated  runs  were  made  over  U-25  at  different  altitudes  to 
gather  additional  air-to-ground  correlation  data,  and  a  final  run 
was  made  over  ground  zero  for  comparison  to  earlier  runs.  The 
data  octained  was  too  limited  to  remit  either  further  evaluation 
of  the  fallout  field  or  determination  cf  the  air-to-ground  corre¬ 
lation  factor.  Some  roint  source  date  was  used  in  an  attempt  to 
establish  a  decay  rate. 
u.L  DRCNS  a.TRCRAFT  FLIGHTS 

The  previous  instrumented  heli'ccrter  flights  over  the  fall¬ 
out  field  were  used  as  the  basis  fcr  the  drone  flight,  pattern,. 
Instrumented  drone  flights  were  made  at  K+ll,  :>12  and  H*lli  hours. 

drone  Flight  No.  1  failed  after  eight  ninutesj  due  to 
a  faulty  control  receiver  in  the  aircraft.  During  this  flight 
period  the  instrument  telemetry  system  indicated  that  the  radiation 
field  was  very  weak.  t.'o  attamDt  was  made  to  plot  an  isodose 
contour  from  the  limited  data  available. 

Drone  Flight  No.  2  confirmed  the  low  readings  from 
the  initial  flight.  As  a  sensor  check,  the  flight  pattern  was 
modified  to  include  runs  closer  to  ground  zero,  where  the  radiation 
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intensity  was  known  to  be  within  th  rang*1  of  the  system.  Near 
ground  zero,  the  system  indicated  radiation,  which  confirmed 
. ensor  operation.  The  drone  was  then  facwn  over  the  original 
fl  ght  pattern,  where  it  a^ain  indicated  a  very  low  radiation 
level.  A  normal  recovery  was  made  after  a  twenty-six  minute 
flighty  and  the  sensor  package  was  checked  for  proper  calibration. 
Ms  complete  calibration  cnecx  indicated  ths  system  was  operating 
nomally  and  as  intended.  The  resultant  isodose  contour  (Figure 
3.5)  defined  the  direction  of  fallout  and  the  extent  of  the 
1  ?-ad/Hour  line.  The  field  had  decayed  to  such  an  extent  that 
the  sensors  were  operating  near  their  lower  calibration  limite; 
tmiSjiO,  30  and  100  .lad/Hour  isodose  rates  were  found  only  very 
close  to  ground  zero,  and  no  attemet  was  made  to  plot  them.  The 
radar  tracking  technique  used  for  positioning  toe  drone  perr/ - '.ua 
flights  to  bo  made  over  previously  surveyed  areas;  thus,  single 
points  were  surveyed  several  times  during  thi3  flipht  to  check 
repeat  lb  11  ity.  An  examcle  of  this  ro-eatibility  may  be  seen  on 
Figure  3.5,  near  coordinates  0375  where  three  1  lad/Kour  readings 
were  obtained  within  a  100-meter  radius.  Another  example  may 
be  seen  near  coordinates  0177,  where  two  more  1  lad/iiour  readings 
were  obtai  ,d  during  separate  legs  of  flight  ever  the  same  area. 
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Drone*  flight  No.  3  vu  made  alter  a  thorough  system 
wheckout  and  calibration  had  been  accomplished  on  the  alternate 
sensor  pack.  This  flight  was  confined  to  the  original  flight 
pattern.  A  very  low  level  of  radiation  was  detected  during  this 
run,  which  confirmed  the  earlier  flight  data.  The  third  flight 
was  terminated  by  normal  recovery  after  ten  minutes,  due  to  the 
lack  of  sufficient  detectable  radiation. 
h.S  AIR-GROUKD  CORRtXATICt'  FACTOR  (AJ3CF) 

The  theory  of  ACC  la  described  in  Section  1.3.  To  teat  the  accuracy 
of  this  theory,  several  flights  were  made  over  the  K-lir.e  at 
different  heights  above  terrain  and  in  opposing  directions. 

Table  h.l  summarizes  the  results  of  this  test.  Maximum  intensity 
readings  for  each  pass  are  tabulated,  as  are  the  recorded  altitudes 
above  terrain  as  determined  by  the  radar  altimeter.  The  maximum 
Intensity  points  were  chosen  for  comparison  in  an  attempt  to 
minimize  pilot  positioning  error  in  the  direction-of -flight. 

Pilot  positioning  error  perpendicular  to  flight  direction  was 
not  removed  but  was  considered  to  be  small  because  the  pilot 
was  following  a  road.  The  detection  system  was  carefully  checked 
for  calibration  prior  to  this  test.  The  results  of  this  exporl- 
ment  indicated  that  the  correction  factor  is  essentially  a  straight 
linn  function  when  plotted  on  semi-logarithmic  graDh  paper,  and 
that  automatic  AGC  affords  consistently  accurate  results. 
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All  r“adinrs  were  automatically  corrected  by  the  equicment, 
and  radar  altimeter  altitude  infcrmaticr.  was  recorded  simultaneously. 
Although  the  nilot  attemrtcd  to  fly  at  a  constant  height  above  ground 
on  each  ley,  it  was  noted  that  the  altitude  varied  as  much  as  ♦  100 
feet.  If  a  constant  altitude  had  been,  assumed  and  the  appropriate 
correction  factor  teen  applied  manually,  large  errors  would  be 
introduced  into  the  corrected  readings.  An  exsnple  of  the  magnitude 
of  this  error  is  as  follows: 

Assume  the  aircraft  is  attempting  to  maintain  6CO  feet  above 
terrain  but  actually  deviates  plus  or  minus  100  feet.  Assume  a 
1  Rad/Kour  field  at  the  aircraft.  From  Figure  L.2,  the  correction 
factors  for  500,  600;  and  700  feet  are  9.2,  12.0,  ar.d  15.6 
respectively.  3y  using  the  correct-ion  factor  for  600  feet,  the 
ground  dose-rate  is  indicated  to  be  12.0  Rad/Hour,  whereas  it  may¬ 
be  anywhere  between  9.2  and  15.6  Rad/Hour.  Automatic  correction 
produces  considerably  less  erro^  as  is  illustrated  b7  Tible  !i,l. 

Ii.6  ESTA3LISHJ-E.T  OF  AlTWATIC  ATl-TO-GKCXD  SCRRSUTICl!  FACTOR 
In  order  to  use  the  output  of  the  radar  altimeter  to  auto¬ 
matically  correct  all  altitudes  between  200  feet  and  1,C0C  feet^ 
the  corrective  circuits  must  be  adjusted  for  each  Individual 
sense r. 
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First,  a  calibration  curve  is  made  for  the  sensor  as  shown 
by  F ir-ire  it.3,  and  the  recorder  is  adjusted  to  give  a  direct 
reading  of  Rad/liour. 

From  r ‘m  L.2  the  correction  factor  at  2CO  feet  is  !i.2; 
at  l.CCV  feet  it  is  3iu.5- 

A  constant  source  of  radiation  is  then  applied  to  the  sensor^ 
and  a  ground  test  set  is  used  to  simulate  altitude  on  the  radar 
altimeter.  The  additive  circuitry  is  then  calibrated  to  add 
properly  for  200  and  1,000  ft.  '.then  theso  upper  and  lower  points 
have  been  adjusted,  the  altimeter  is  set  at  530  feet  which  should 
provide  an  indicated  dose-rate  10  times  the  uncorrected  reading. 
The  error  at  this  point  does  not  exceed  5  percent. 

This  method  of  automatic  correction  can  be  usod  to  instrument 
any  correction  factor,  so  long  as  it  is  essentially  a  straight- 
line  plot  on  semi-logarithmic  graph  paper.  The  plot  of  correction 
factors  from  Olasstone  (reference  it);  snowr.  in  Figure  it. 2,  could  be 
incorporated  by  a  ten-minute  recalibration  as  could  any  other 
straight -line  logarithmic  plot, 
it. 7  3YST3<  IKP30V3-I3JT  ANALYSIS 

The  equipment  used  in  this  test  is  described  in  fiesUon  2.2.  It 
was  developed  and  fabricated  at  USAZ7G.  The  time  available 
prior  to  this  test  did  not  permit  the  incorporation  of  some 
obvious  lmprorementw  to  tha  system.  These  are  discussed  below. 
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a. 7.1  Cutnut  Signal  Drift..  T'nj  output  signal  drifted  as 


much  as  ♦  10^  durinc  this  test.  This  drift  was  controlled  with 
balance  controls  and  repeated  gain  checks.  This  system  was 
suitable  for  test  purposes,  but  a  tactical  unit  will  require 
stable  circuitry  over  long  periods  of  time,  Minor  circuit 
changes  can  eliminate  this  problem. 

L.7.2  Output  Signal  Presentation.  The  recorded  data  from 
the  system  tv  times  was  difficult  to  interpret  because  the  output 
signal  is  composed  of  contributions  from  the  scintillometer  and 
the  radar  altimeter,  and  in  the  absence  of  a  signal  from  the 
scintillometer,  the  altimeter  signal  alone  can  give  an  operator 
the  false  impression  that  radiation  exists  at  the  sensor.  This 
problem  can  be  solved  by  use  cf  a  squelch  circuit  that  will 
cut  off  all  output  signal  until  a  preset  signal  level  from  the 
scintillometer  exists. 

L.7.3  Calibration  Source.  The  present  system  requires 
the  us*  an  active  radiation  source  for  calibration.  A  means 
cf  electronic  calibration  can  be  built  into  the  system  by  insertion 
of  a  reference  electronic  signal  at  the  input  of  the  log  amplifier 
stage.  This  will  test  the  circuit  and  act  as  a  reference  for 
calibration. 

1.8  future  urine  use 

The  development  of  a  drone  radiac  sensor  package  by  U5AEFG 
has  been  directed  toward  the  time  frame  of  development  of  the 
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.'jJ/USIV-2  Low  r.r.durancc ,  Multipurpose  Drone  System,  currently  in 
the  fUD  stage.  Hi  is  drcr.e  has  an  integrated  guidance  and  control 
system  fir  radio  line  of  sight  operation  plus  an  airborne  programmer 
for  miss./'?.  creration  beyond  line  of  sight.  It  also  nas  a  larger 
sensor  comoartment,  greater  speed,  and  a  radar  altimeter. 

The  advantages  of  using  a  drone  for  aerial  radiological 
survey  include:  (l)  protection  of  personnel  fror  extremely 
high  radiation  doses  and  dose-rates,  (2)  availability 
to  the  Division  Dcimiander  tc  -use  a:  an  integral  cart  of  his 
aviation  resources,  (3)  aerial  radiological  survey  ccild  be 
performed  concurrently  with  other  intelligence  gathering  missions, 
such  as  photography,  and  (It)  all  weather  capability. 
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TABLE  iul  TEST  2ATA  FOR  AIR-TO-ORO'JND  CORRELATION  FACTOR  THEGRT 


Peak  Radiation  Intensity 

3«nsor  Height 

Remarks 

above  Terrain 

t Rad/Hr )  (automatic all/  (rent] 

corrected  to  ground  level) 


10.05 

100 

Leg  M 

9.75 

200 

Time 

9.50 

1*70 

1723-1800 

9.25 

525 

10.00 

630 

Hi  July  62 

9.50 

610 

1C.  10 

850 

10.05 

200 

10.15 

115 

9.25 

330 
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too 


too 


IOOO 


400  too 

4UITU0E  -  EEET 

Figure  4.2  Correction  lictor  curve. 
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SIGNAL  -  V0LT3 


Figure  4.3  Sample  calibration  rurve. 

56 

CONFIDENTIAL 


CHAi'TEH  5 

COKCL'.SIC"'  A.  D  RL'XM^IDA.'IC.VS 

5.1  cc..c.  vsicrs 

Automatic  air-to-ground  correlation  oi  dose-rate 
intensities  over  tne  altitude  rarge  100  to  1,000  ft  above 
terrain  is  feasible. 

An  aerial  survey  system  employing  automatic  air-to- 
ground  correlation  can  be  used  effectively  in  the  AM/USD-1B 
Drone  Surveillance  System. 

Ine  aur- to-ground  correlation  factors  used  for  this 
evaluation  were  substantially  correct. 

In  its  present  form  and  under  controlled  conditionSj 
the  equipment  is  capable  of  reliably  performing  aerial  survey  of 
large  radiologically  contaminated  areas  with  minimum  maintenance. 

Dependance  upon  pilot  proficiency  to  maintain  a  con¬ 
stant  height  above  the  ground  in  manned  aircraft  surveys  is  a 
major  source  of  error  when  prwecribed  manual  correction  methods 
•re  used. 

5.2  RECOMMJfDATIONS 

A  systems  design  analysis  be  performed  to 

simplify  and  Integrate  the  electronic  circuitry.  This  should 
Include  prevision  for  utilization  of  radar  altimeters  that  are 
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scheduled  Tor  iucuxTJration  in  :>aiiy  <J3  Amy  majuiea  ana  drone 
u.  ire  raft. 

Development  of  tactical  airborne  radiae  monitors 
should  continue.  This  development  should  include  their  inte¬ 
gration  into  the  AN/lfc'D-2  Drone  System. 

Advantage  should  be  taken  of  future  weapons  jffects 
tests  to  evaluate  the  equipment  as  it  progresses  in  the  aevelop- 
r.ental  cycle  and  to  provide  additional  data  on  aerial  survey  of 
fallout  fields. 

Agencies  such  as  the  Atonic  ir.argy  Demission  (AEC) 
and  Public  Health  Service,  who  may  havt  a  requirement  for  monitor¬ 
ing  radiolog ically  contaminated  areas  under  more  or  less  controlled 
conditions,  should  consider  the  adontlon  of  a  manned  aircraft  model 
of  the  tEAllFG  Airborne  Sadiac  Monitor. 
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MILIT/BT  CHARACTERISTICS 
FOR  AM  AivRIAL  HAOIAC  INSTRUMENT  SETLH 

Section  I  -  General 

1.  Statement  of  Requirement.  -  A  standard  aerial  radlac 
inatr mnt  ayrten  to  be  mounted  in  Army  aircraft  of  the  obser¬ 
vation  and  utility  troe  and  drones  for  the  ourooae  of  deter¬ 
mining  ambient  dose  rates  of  gamma  radiation. 

2.  Operational  Concept.  -  This  set  will  be  used  far 
aerial  radiological  detection  and  rardd  aerial  surrey  of 
large  areas  to  crovide  data  for  contamination  charte,  to 
determine  ground  radiation  dose  rates  In  advance  of  troop 
movements,  and  to  survey  areas  inaccessible  to  ground  troops 
because  of  high  radiation  dose  rates.  In  order  to  acccnplieh 
this,  this  equipment  and  auxiliary  devices  Bust  be  capable 
of: 

a.  Providing  a  continuous  record,  or  a  continual 
record  based  on  horizcntal  spatial  Intervals  not  exceeding 
100  metera,  of  radiation  dose-rate  at  the  3  foot  ground  level 
beneath  the  survey  air  vehicle.  This  capability  should  be 
from  flight  altitudes  which  are  optimum  within  tha  constraints 
of  flight  vehicle  operational  characteristics  and  the  ability 
to  correlate  the  instrument  probe  radiation  environment  with 
that  it  Pv  3  ft.  level. 
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b.  Providing  a  ground  position  record  compatible 
with  2a,  above, 

c.  Direct  telemetering  oX  height-corrected  (3-ft.) 
dose  rate  reacinre  and  position  readings  to  a  receiving 
station,  provided,  however,  that  the  provision  for  tele¬ 
metering  will  not  result  in  undue  ccnolexity,  cost,  or 
delay.  It  is  expected  that  existing  telemetering  equipment 
or  such  equiioent  under  devclonment  for  other  purposes  will 

be  used. 

d.  Jsing  existing  navigation,  roaiti  on -determining, 
and  lata  transfer  capabilities  where  possible. 

e.  Providing  a  visual  and  audio  warning  when  a 
pre-aettable  dose  rate  of  ganma  radiation  (height-corrected) 
is  reached. 

f.  Providing  a  suitable  visuag  readout  in  tioee 
applications  involving  manned  aircraft. 

3.  Organisational  Concent.  -  This  equipment  will  be 
organic  to  all  units  equipped  with  Army  Aircraft  or  ctr ones. 

U.  Consideration  of  Tripartite,  Navy,  Air  Force,  and 
Marine  Corn*  Development  Activities.  -  United  Kingdom, 

Canada,  and  the  OS  Marine  Corns  have  a  stated  requirement 
far  aerial  survey  raider  equipment.  US  Marl le  Corps  concurs 
and  the  Canadian  Army  generally  concurs  in  these  military 
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characteristics 


5.  Feasibility  of  Development.  -  If  during  the 
development  phase  it  appears  to  the  design  agency  that 
the  characteristics  listed  herein  require  the  incorporation 
of  certain  impractical  features  and/or  unnecessary  expensive 
and  complicated  components  and  devices,  costly  manufacturing 
methods  and  processes,  critical  materials  ox*  restrictive 
specifications  which  would  serve  as  a  detriment  to  the 
military  value  or  unduly  delay  the  availability  of  the 
item,  such  matter*  should  be  brought  to  the  attention 
of  the  Chief  of  research  and  Development,  Department  of  the 
Army,  and  Headquarters  United  States  Continental  Amy  Coenand 
for  consideration  before  incorporation  into  a  final  design. 

6.  Background.  -  The  feasibility  of  msklng  asrlsl 
radiological  survey  was  studied  by  the  US  Any  Chemical 
Corpa  in  conjunction  with  the  US  Army  Aviation  School.  In 
the  US  Army  Chemical  Coma  Final  Report,  Aerial  Survey  Feasi¬ 
bility  study  1  revised  in  February  1957),  it  was  concluded 
that  while  aerial  radiological  surrey  was  feasible  using 
standard  instruments,  no  instruments  then  standard  or  under 
development  were  Ideally  suited  to  pjurpjoee.  In 
December  1957,  US COMARC  approved  the  military  characteristics 
far  a  Radiac  Instrument  and  Ancillary  Equipment  for  Aerial 
and  Armored  Vehicle  Purvey.  These  were  subsequently  adopted 
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by  Signal  Corps  Technical  Coimdttee  Item  uh37,  Meeting  No. 

:9C«,  29  September  1958.  The  Radlac  Set  AN/ADR-7  developed 
on  the  basis  of  these  military  characteristics  was  service 
tested  by  the  US  Army  Aviation  Board.  Based  cn  the  report 
of  this  test,  USCONARC  concluded  that  the  development  of  an 
aerial  tactical  radiation  rateneter  should  be  disassociated 
from  a  vehicular  tactical  radiation  rate  me  ter  and  that  separate 
military  characteristics  should  be  prepared. 

Section  II  -  Operational  Characteristics 
1.  Configuration. 

a.  (Essential)  The  rateneter  mid  all  ancillary 
equipment  shall  be  as  light,  and  snail  ae  possible  consistent 
with  the  other  military  characteristics  specified  herein. 

b.  (Desirable)  The  controls  shall  be  designed  to 
permit  operation  when  heavy  gloves  are  worn. 

c.  (Desirable)  Dials  and  controls  would  be  integral 
with  the  equipwsnt. 

d.  (Essential)  Mounting  hardware  shall  be  provided 
as  necessary,  for  counting  equipment  in  Amy  aircraft,  heli¬ 
copters,  and  drones. 

s.  (Essential)  The  equipment  shall  be  designed  for 
quick,  easy  installation  in  Army  aircraft,  helicopters  cad 
drones. 
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f.  (Essential)  A  ore-settable  warning  device 
based  :n  ground  levol  dose  rates  shall  be  provided. 

g.  (Essential)  The  ivTili.iry  probe.  If  used, 
shall  bs  shaped  sc  is  to  minimize  vibration  due  to  air 
turbulence  when  mcunted  outside  the  aircraft. 

h.  (Desi*able)  A  telemetering  system  for  trans¬ 
mitting  doee  rite  lata  shall  be  provided,  using  an  existing 
link  if  feasible. 

2.  Performance. 

a.  (Essential)  the  equipment  shall  have  a  rang* 
for  measuring,  height-correcting,  and  recording  gamma 
radiation  from  1.0  rad  per  hour  to  1,000  rad  per  hour  at  the 
aircraft  ground  position. 

b.  (Essential)  When  calibrated  and  operated  at 
abaolute  altitudes  between  100  and  500  feet  (50  to  1000  feet 
desirable),  this  equipment  shall  measure  and  record  the  dose 
rate  of  gaimea  radiation  corrected  to  the  3  ft#  level  above 
ground  with  an  instrument  accuracy  free#  probe  to  readout  of 
plus  or  minus  20  percent  over  Its  entire  range  (plus  or  minus 
10$  desirable),  and  with  the  maximum  "3  ft.  level  to  probe” 
accuracy  consistent  with  physical  and  other  limiting  factors. 

c.  (Essential)  ”T«  equipment  shall  be  capable  of 
measuring  the  dose  rate  of  gamma  radiation  within  the  energy 
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d.  (Essuntial)  An  integral  calibration  source,  if 
used,  shall  be  Ion?  lived,  shall  give  no  background  reading 
on  the  instrument  net-er  wnen  being  used  for  the  operational 
check,  and  shall  not  cause  a  radiation  field  in  excess  of  1 
millirad  per  hour  on  the  surface  of  the  meter. 

e.  (Essential)  The  equipment  shall  be  affected  to 
the  least  degree  practicable  by  itn  positioning  in  the 
aircraft. 

f.  (Essential)  The  equipment  shall  be  affected  by 
non-ionizing  radiation  to  the  least  degree  practicable. 

g.  (Essential.)  The  meter  where  required  shall  be 
direct  reading.  Calibration  curves  are  not  acceptable. 

h.  (Essential)  Thu  equipment  shall  be  capable  uf 
continuous  operation. 

i.  (Essential)  The  equipment  shall  be  capable  of 
operation  within  l  minutes  after  being  turned  on. 

J.  (Essential)  The  equipment  shall  be  capable  of 
a  "zero  check"  and  "zero  adjust"  in  a  radiation  field  if  not 
designed  so  that  absolute  zero  stability  can  be  maintained 
without  drift. 

k.  (Essential)  When  suddenly  exposed  to  changes  in 
gamma  radiation  intensities,  the  equipment  shall  resnond  to 
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within  in  percent  of  the  final  reading  within  0.1  second, 
e.  sept  that  mechanical  meter  movements  used  for  visual 
readout  may  respond  on  the  slower  time  scaJ.es  suitable  for 
such  use. 

l.  (Desirable)  The  telemetering  system  ahall  be 
capable  of  transmitting  a  position  indication  simultaneously 
with  a  dose  rate  datum. 

m.  (Desirable)  The  equipment  shall  be  designed  to 
permit  adaption  for  remote  operation  and  transmission  of 
readings  through  the  ca la-llnk  syrtna  of  appropriate  aerial 
drones.  (See  subparagraph  p,  below). 

n.  (Desirable)  The  equipment  shall  be  capable  of 
operation  for  at  least  60  days  without  recalibration. 

o.  (Essential)  If  re  calibration  1s  required  at 
frequent  intervals,  an  internal  calibration  davic-.  shall  bo 
incorporated  In  the  equipment. 

p.  (Essential)  If  simultaneous  telemetry  of  position 
and  dose  rate  data  is  impractical,  a  simple  means  of  recording 
this  infermatior  mist  be  provided  in  orcer  to  correlate  a 
measured  dose  rate  with  a  particular  position. 

q.  (Essential)  Variations  in  cower  supply  output 
will  have  minimum  effect  on  functioning  of  equipment. 

3.  Durability  and  He  liability. 
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a.  (Essential)  i’ne  ecuipment  shall  havo  atora"* 
life  of  at  least  1  years. 

b.  (fcssential)  The  equipment  shall  have  storage  life 
of  it  least  t  years. 

c.  (Desirable)  The  equipment  shall  noimalljr  be 
capable  of  operation  for  UOO  hours  without  necessity  for  field 
maintenance. 

U.  Associated  Equipment. 

a.  (Desirable)  The  equipment  shall  be  compatible 
with  existing  or  developmental  aircraft  positioning  devices. 

b.  (Essential)  The  equipment  shall  be  designed  to 
onerate  from  the  standard  internal  power  supply  of  Army  air¬ 
craft. 

c.  (Essential)  The  equipment  shall  be  compatible 
ana  useful  with  existing  or  Developmental  absolute  altimeter*. 

Section  III  -  Special  Characteristics 
1.  Environmental  and  Terrain  Requirementa.. 

a.  (Essential)  The  equipment  shall  tj  designed  to 
conform  to  the  requirements  of  Spec  KIL-E-5U00  and  Spec  MIL-E- 
5U22.  It  shall  be  usable  in  air  temperatures  from  -6$°T  to 
125°F  and  storable  in  air  temperatures  from  -65°F  to  15i>°E. 

In  addition  it  must  be  caoable  of  operation  under  atmospheric 
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pressures  crevailinr.  ut  20,uuu-rt  altitude  above  sea  level 
and  transports tian  under  atmospheric  pressures  prevailing 
at  J0,00O-ft  altitude  above  sea  level. 

b.  (Essential)  The  equipment  6hail  be  capable  of 
withstanding  without  damage,  normal  ocean  atmospheric 

cnrrnei m , 

c.  (hssential)  The  equipment  shall  be  weatherproof, 
duster  oof,  and  funguaproof . 

d.  (Essential)  All  exposed  component*  shall  be 
resistant  to  corrosive  gases  to  the  maxinun  degree  practicable 

2.  C9R  and  Atonic  Requirements.  (Essential)  Design 
shall  be  such  aa  to  minimize  contamination  by  chemical  or 
biological  agents  or  radio-active  materials.  The  equipment 
shall  be  readily  capable  of  decontamination  with  minimum 
effect  on  its  proper  operati.cn. 

3.  Maintenance  and  Interchangeability  Requirement. 

a.  (Ecaentlal)  The  equipment  shall  be  designed  for 
the  minimum  practicable  preventive  maintenance  and  in -storage 
maintenance. 

b.  (Essential)  If  on  integral  calibration  source 
is  used,  calibration  shall  be  performed  ?t  organizational 
maintenance  level;  otherwise  calibrsticr  will  be  performed 
at  field  maintenance  level. 
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c.  (Essential)  All  coiroonents  and  assemblies  of 
the  equipment  shall  be  narked  so  at  Co  be  readily  identifi¬ 
able. 

d.  (Essential)  Standard  components  shall  bo  used 
where  practicable.  Maximum  practicable  interchangeability 
of  components  shall  be  provided. 

e.  (Essential)  Operation  and  maintenance  in¬ 
structions  sha''''  .cl jrT'-'.nj  all  service  equipment.  Where 
the  instrur-’....!  _r»  •  inted  on  the  equipment)  these  in¬ 
structions  shall  be  applied  zz  that  they  are  not  subject  to 
obliteration  by  repainting  of  the  equipment  or  by  abrasion  of 
normal  field  use. 

f.  (Essential)  The  equipment  shall  be  desipiec  tc 
provide  readily  accessible  test  points. 

g.  (Desirable)  The  equipment  shall  be  constructed 
cn  a  »ub-as«erble  principle  to  facilitate  maintenance  through 
replacement  of  inoperable  sub-assemblies  that  can  be  determined 
by  test  points  provided  in  the  equipment. 

h.  (Essential)  Maintenance  shall  require  standard 
general  purpose  equipment  and  tools. 

U.  Human  Factors  Engineering  Requirements. 

a.  (Fseential^  The  equipment  shall  be  designed  in 
conformity  with  human  factor  engineering  principles  with 
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pnrtic!^lir  itt^nticr.  it?r«  bslcv, 

b.  (Essential)  The  number  of  controls  shall  be 
a  minimum.  Cortrols  shall  be  located  so  as  to  promote 
maximum  efficiency  of  operation  and  to  reduce  to  a  mininun 
the  possibility  of  accidental  movement.  Function  of 
controls  shall  be  clearly  marked  on  or  near  the  controls. 

c.  (Essential)  The  equipment  shall  be  cap:'  le 

of  operation  by  Army  aircraft  pilots  and  observers  after  s 
minimum  of  instruction. 

d.  (Essential''  Operating  personnel  shall  be 
adequately  protected  against  high  voltages  and  any  self- 
contained  radioactive  materials  used  *3  s  Cilibrnting  source. 

e.  (Essential)  The  indicating  meter  shall  be 
located  for  easy  observation  of  readings. 

f.  (Essential)  The  meter  (hall  be  provided  with  a 
light  or  luminous  scale  to  permit  operation  during  darkness, 
but  suitable  for  operations  under  blackout  conditions. 

g.  (Essential)  When  Installed,  the  equipment  shall 
not  hinder  pilot  flying  efficiency. 

Section  IV 

1.  If  any  of  the  required  characteristics  are  incompatible 
with  each  other  to  the  extent  that  significant  compromises 
are  required,  the  Commanding  General,  USCQhAHC,  shall  be 
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consulted  as  :o  the  degree  of  compromise  accepiaoie  ana  me 
merits  of  revising  tiie  relative  pi  lorities  which  otherwise 
will  be  as  here  listed. 

a.  Performance 

b.  Durability  and  reliability. 

c.  Associated  equipment. 

d.  Contigm  atio.i. 

e.  Fnvironmental  and  terrain  requirements. 

f.  Maintenance  r.nd  interchangeability  requirements. 

g.  Human  factors  engineer' ng  requirements. 

h.  CBR  requirements. 

2.  End  item  unit  production  cost  should  not  exceed  53,010. 
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RCTERSKCES 


1.  "Measurement  and  Analysis  of  Residual  Radioactivity 
Resulting  from  Nuclear  Explosions";  January  I960;  Applied 
Research  laboratory,  University  of  Arizona;  Unclassified. 

2.  Rian  of  Test  "Feasibility  Test  of  Airborne  Radiac 
Monitor  (ARM)";  November  I960;  USAEPO-SIQ  930-171,  US  Amy 
Electronic  Proving  Ground,  Fort  Huachuca,  Arizona;  Unclassified. 

3.  Report  of  Test,  "Feasibility  Test  of  Airborne 
Monitor  (ARM)";  under  publication;  Electro  .1c  Research  and 
Development  Agency,  Fort  Huachuca,  Arizona;  Unclassified. 

it.  S.  Glass  tone;  'The  Effects  of  Nuclear  V/eaoons";  May  1957; 
Department  of  the  Army  Pamphlet  39-3;  Unc/iasc  if  led. 

5.  "Development  of  the  Airborne  Nuclear  Surveillance  Unit"; 
September  I960;  Applied  Research  Laboratory,  University  of  Arizona 
Unci assif ied. 
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